ABSTRACT
Introduction
In 1970s Braestrup & Squires established that diazepam binds to specific sites in the rat brain (3) . The sites were named central benzodiazepine receptors and later were found to be a part of GABA A receptors of the neurotransmitter γ-aminobutiryc acid (GABA). The central-type benzodiazepine receptors exert antianxiety, anticonvulsant, and muscle relaxant effects. Unexpectedly, rat peripheral tissues such as kidney used as negative controls for radioligand binding experiments also demonstrated high densities of ( 3 H)diazepam binding (3) . Based on their localization outside the brain and in order to distinguish them from the central benzodiazepine receptors, the sites were assigned as peripheral benzodiazepine receptors (PBR). PBRs are found in many animal species as e.g. insects, mollusks, pisces, amphibians, aves, mammalians but not in reptiles. PBRs have been also demonstrated in procaryotes and in several plants as potatoes and Arabidopsis thaliana (26) . In humans, the PBR is encoded by a single copy gene located on q13.3 region of the long arm of chromosome 22 (8) . Suppression of PBR gene in knockout mice is lethal for embryos, indicating that PBR mediate essential basic function (25) . Localization of PBR PBR are expressed in endocrine organs such as the adrenal gland, testis, prostate, ovary, uterus, mammary gland, thyroid and pineal gland, and posterior pituitary gland (14) . PBRs are also found in the heart, liver, lungs, and the kidneys (23 are also detected in nuclei, lysosomes, peroxisomes, in the plasma membrane of erythrocytes and procaryots and as well in the nucleus and paranuclear region of breast cancer cells (8, 25) . Endogenous ligands and structure of PBR Cholesterol, dicarboxilic porphyrins, diazepam-binding inhibitor and its processing products have been suggested as putative endogenous ligands for PBR (22) . PBR binds cholesterol with nanomolar affinity at the cholesterol binding site in carboxyl-terminal segment of the PBR (19) . Diazepam-binding inhibitor, an 11 kDa protein of 86 amino acids, binds to PBR with a micromolar affinity while porphyrins such as protoporphyrin IX and heme bind PBR with a nanomolar affinity (27) . PBR is a part of multimeric complex with molecular mass of 140-200 kDa. The complex consists of three components: 18 kDa receptor protein, 32 kDa voltage-dependent anion channel and 30 kDa adenine nucleotide transporter (10, 20, 21) . Although both components, the 18 kDa protein and the 32 kDa voltagedependent anion channel bind diazepam, only the 18 kDa protein is assigned as PBR (20) . The structure of PBR is highly conserved throughout species: PBR is a hydrophobic, tryptophan-rich, 169 amino acids protein. PBR monomer consists of five transmembrane domains of 21 amino acids with α-helical structure connected by hydrophilic loops with a carboxyl-terminal tail located outside and a short amino terminal segment inside the mitochondria (25) . Molecular modeling of PBR suggested that cholesterol might cross the membrane through the five helices of the receptor. A single PBR molecule is the minimal functional unit for cholesterol binding but various studies show that PBR is functionally active as a dimmer formed by dityrosine link (25) . At rest the tertiary structure of PBR is relatively unstable, but is stabilized in response to cholesterol translocation. PBR exists as a cluster of four to six molecules forming a pore, consistent with the function of PBR as a transporter protein in the mitochondrial membrane (25) . Functions of PBR PBR arouses great interest because of its association with numerous biological functions, including immune and phagocytic host-defense response, microglial activation related to brain damage, ischemia, inflammation, responses to stress, regulation of steroid production, apoptosis, regulation of mitochondrial membrane potential and respiratory chain, modulation of voltage-dependent calcium channels, porphyrin transport, heme biosynthesis, ontogenic development, cell growth and differentiation, and cancer cell proliferation (26) . Despite of different functions and localizations of the PBR, the molecular events involved in PBR action are believed to include: cholesterol binding and transport; porphyrin binding and transport, involved in heme biosynthesis; and protein import, important for membrane biogenesis. The best studied function of PBR is its role in steroidogenesis. In steroid synthesizing tissues such as adrenals PBRs are especially enriched (20-50-fold) and are involved in regulation of cholesterol transport from the outer to the inner mitochondrial membrane, the rate-determining step in steroid synthesis (21) . In the inner mitochondrial membrane cholesterol is converted to pregnenolone, a precursor of further steroidogenesis (22) . Binding of the endogenous ligand diazepam binding inhibitor to PBR promotes the translocation of cholesterol, thus stimulating steroidogenesis. Accordingly, specific ligands of PBR also activate cholesterol transport and steroid synthesis (25) . PBR function in cholesterol transport is highly conserved across different kingdoms. Expression of an Arabidopsis PBR homologue in bacteria protoplasts induced uptake of cholesterol implying that the Arabidopsis PBR protein is also involved in steroid import in plant mitochondria (22) . In healthy brain, PBRs have lower concentrations than in peripheral organs and are primarily located in glial cells, with highest densities in olfactory bulb, choroid plexus, and the ependymal lining of the ventricles. Under physiological conditions, PBRs are involved in the biosynthesis of neurosteroids, which are critical components of normal brain function and regulate synaptic function, affect anxiety, cognition, sleep and behavior, and exert neuroprotective and reparative roles (21) . Some neurosteroids exert their effects through modulation of major neurotransmitter systems such as the GABA (GABA A ) and glutamate N-methyl-D-aspartate receptors. After the elucidation of the structure and molecular function of the PBR as a cholesterol channel or transporter suggestion to rename the PBR as translocator protein (TSPO) 18 kDa was made (22) . Nevertheless PBR is still widely used and accepted name in the scientific community. The PBR under pathological conditions PBRs are involved in a number of disease conditions but most studies are focused on cancer and psychiatric diseases. PBR are expressed in high levels in several cancer lines where they are involved in cell proliferation. In glioma cells increased expression of PBRs correlated with glioma malignance grades while in astrocytomas a strong negative correlation between PBR expression and survival was observed (13 pro-apoptotic activity of its ligands, PBR has been suggested as a promising target for anticancer treatment (13, 28) . PBRs play an important role in the control of neuronal survival and gliosis after brain injury (5, 29) . The concentration of PBRs in the brain is greatly increased following brain lesions, reflecting the glial activation. PBR density was shown to be a sensitive and reliable marker of brain injury and inflammation in a large number of experimental models (ischemia, trauma, excitotoxic lesions, brain tumors) and equivalent human conditions (29) . Moreover, imaging of brain PBRs with PBR ligands in vivo is suggested for investigation of different neuropathological conditions in the human brain. Some PBR ligands act as neuroprotectors and decrease reactive gliosis after brain injury (5) . (8) . In Alzheimer's patients in the temporal lobe of postmortem brains increased PBR density was observed (8) . Increased PBR number was also found in vivo in the brains of patients with multiple sclerosis and Alzheimer's disease by positron emission tomography (29) . The authors suggest that in spite of its overexpression in Alzheimer's disease PBR does not function in optimal manner. In addition, altered neurosteroid biosynthesis and a decrease in the neurosteroid intermediate 22R-hydroxycholesterol levels were established. Interestingly, this steroid was found to exert neuroprotective properties against β-amyloid neurotoxicity (21) . A significant decrease in the density of platelet PBRs, a reliable mirror of the PBR in the CNS, has been detected in patients with Parkinson's disease, but increase in multiple sclerosis, Alzheimer's and Huntington's desease (2, 8, 18) . PBR and neurosteroids such as allopregnanolone have been shown to be involved in various neurological disorders, such as anxiety and mood disorders. Diminished platelet PBR density was found in a group of psychiatric patients after a suicide attempt (16) . Reduction of the expression of platelet PBR was found also in patients with panic disorder (4). In contrast, increased PBR number in platelets of patients with bipolar disorder has been established (16) . Decreased levels were found in the platelets of patients with anxiety and posttraumatic stress disorder (8) . The anxiolytic-like effects of PBR ligand AC-5216 are shown to be due to newly synthesized neurosteroids that enhance GABA A receptor function (11) . Stressful situations differentially modulated platelet PBR number: acute stress provokes up-regulation while repeated stress induces down-regulation (8) . Accordingly, increased PBR number has been shown after examination while reduced PBR density has been detected in soldiers subjected to repeated stress during war (8) . PBR during aging PBR expression is modulated by variety of factors as drugs, hormones, stress but little information is available on the possible changes of these receptors in elderly. The data on the changes of PBR during aging are summarized in Table 2 . The changes observed in aged animals are not unidirectional but have mosaic character. Several reasons might account for these results as the use of different strains of laboratory animals of various age, as well of different methods and ligands for receptor estimation. The decreased PBR number in the cortex, striatum and midbrain of aged rats is in accordance with the characteristic decline of other brain neurotransmitter receptors during senescence (7) . The decreased PBR density in testes might be responsible for the decreased testosterone production seen in eldery (6, 17) . The decreased affinity (increased K d ) of PBR in human lymphocytes might be to changes membrane fluidity typical of advanced age (15) . The increase in PBR density and binding found in rat adrenals and kidneys (9) and cerebellum (12) and as well in mouse cortex, hypothalamus and cerebellum after chronic stress (1) In conclusion, although the function of the PBR is not fully elucidated PBR is considered as an important therapeutic and diagnostic target. The use of specific PBR ligands may have potential therapeutic applications in a large spectrum of different indications, including cancer, auto-immune, infectious, endocrine, neurodegerative and possibly even in developmental disorders.
